The NASA STI Program OffIce.. m ProfIle Smce Its foundmg, NASA has been dedIcated to the advancement of aeronautIcs and space SCIence. The NASA ScientIfIC and Techrucal InformatIon (STJ) Program OffIce plays a key part m helpmg NASA maintain thls important role.
The NASA STI Program OffIce IS operated by Langley Research Center, the Lead Center for NASA's sClentIflc and technical InformatIon The NASA STI Program OffIce proVIdes access to the NASA STI Database, the largest collectIon of aeronautIcal and space SCIence STI in the world The Program Offlce IS also NASA's mstItutional mechamsm for dIsseminatIng the results of ItS research and development actIVItIes These results are publlShed by NASA m the NASA STI Report Senes, wruch mcludes the followmg report types:
• TECHNICAL PUBLICATION. Reports of completed research or a major slgruflcant phase of research that present the results of NASA programs and mclude extensIve data or theoretIcal analYSIS Includes compllahons of SIgnIfIcant sClenhflc and techrucal data and informahon deemed to be of conhnumg reference value. NASA's counterpart of peerreVIewed formal professional papers but has less stnngent hmltahons on manuscnpt length and extent of grapruc presentatIons.
• TECHNICAL MEMORANDUM SClentIflc and techrucal fmdmgs that are prelIminary or of speCIalIzed mterest, e g., qUIck release reports, workmg papers, and blblIographles that contam ffimlmal annotahon. Does not contam extenSIve analYSIS.
• CONTRACTOR REPORT. Saenhfic and technIcal fmdmgs by NASA-sponsored contractors and grantees.
• CONFERENCE PUBLICATION. Collected papers from sClentIflc and technical conferences, symPOSIa, semmars, or other meetIngs sponsored or cosponsored by NASA.
• SPECIAL PUBLICATION SclentIflc, technIcal, or rustoncallnformatIon from NASA programs, projects, and mISSIOns, often concerned WIth subjects havmg substantIal pubhc mterest.
• As part of the Navy optimum oil development program, the Naval Air Warfare Center, Aircraft Division, Trenton (NA WCADTRN) is directing the development and testing of a 9 centistoke (cst) helicopter transmission oil which is intended to replace 5 cst DOD-L-85734 oil. The 9 cst oil will provide higher component film thickness, increased load carrying capacity and improved corrosion resistance which will result in increased life for drive system gears and bearings. The 9 cst oil has been successfully evaluated in laboratory tests and simple mechanical rig tests. A comparison of the two oils is presented in Table 1 .
Additional full-scale helicopter transmission tests were conducted on the Model 412 HP main transmission, 42° gearbox and tailrotor gearbox. The purpose of these tests was to evaluate the effects on the gearbox lubrication systems when the standard 5 cst DOD-L-85734 oil was replaced with the 9 cst developmental oil provided by NA WCADTRN. It was expected that the higher viscosity would significantly affect the lubrication system pressures, flow rates, and temperatures requiring some modification of the lube system or system operating parameters for acceptable operation with the 9 cst oil.
Test Specimen
The test gearboxes were a main transmission assembly, a 42° gearbox assembly, and a tailrotor gearbox assembly. The 42° and tailrotor gearboxes are not 412HP boxes but are similar to those installed in UH-IN helicopters. A cross-section of the main transmission is shown in Figure 1 and a schematic of the drive train is shown in Figure 2 .
The following components ofthe test gearboxes were re-black oxided: (i) Prior to assembly of the gearboxes, a light coat ofPennalon 327 was applied to both sides of the teeth in two equally spaced sets of approximately three gear teeth on the input spiral bevel pinion, input spiral bevel gear, tailrotor spiral bevel pinion, and two planet pinions, one for the upper planetary and one for the lower planetary.
Each gearbox was serviced with the 9 cst oil provided by NA WCADTRN, and a new 3 micron oil filter element was installed in the main transmission lube system. The tests were conducted in an electrically driven, mechanically regenerative test stand. A schematic of the test stand is shown in Figure 3 . This stand is capable of loading the main rotor mast and the tailrotor gearbox output shaft simultaneously. The mast assembly was instrumented to measure the output torque.
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Figure 3. Regenerative Test Stand
The following test conditions were measured and recorded at 10 second intervals during all testing: The main transmission, 42° gearbox, and tailrotor gearboxes were green-run to the loads and speeds specified in Table II . The main transmission oil inlet pressure was set at 55:1: 3 psi with the oil inlet temperature at 200° :I: 10° F while operating at 6600 rpm input speed during Step 4. Notes: 1. For steps 1 thru 9, the speed was set first, then the torque was increased to the required levels. 2. For step 10 the torque was reduced to the required levels, then the speed increased to 7,040 rpm.
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After the green-run was completed, the gearboxes were inspected for any visible oil leaks and the chip detectors for debris. The lubricating jets were also visually inspected for foreign material, burrs, or other damage.
Immediately after the completion of Step 10, the gearboxes were shut down and a 6 ounce oil sample was collected from each gearbox for analysis. The oil was collected through a clean drain valve to prevent contamination. The oil was drained from each gearbox and the test stand lube system and was replaced with new 9 cst oil.
Cst Oil Evaluation Test Procedure
With the oil inlet pressure set at 55 ± 3 psi when the oil inlet temperature was 200 0 ± 10° F, the load and speed conditions shown in Table III for the main transmission and tailrotor gearboxes were repeated eight times for a total run time of 48 hours. 1. For steps 1 thru 4, the speed was set fIrst, then the torque was increased to the required levels. 2. For step 5 the torque was reduced to the required levels, then the speed increased to 7,040 rpm.
Immediately after completing the 48 hour test, the gearboxes were shut down and a 6 ounce oil sample was collected from each gearbox for analysis. The oil was collected through a clean drain valve to prevent contamination.
The main transmission was partially disassembled to photograph the gear tooth contact patterns on one upper planetary pinion and on the input spiral bevel pinion. One upper planet pinion was removed and disassembled to photograph the inner race roller load zone. The tailrotor gearbox was partially disassembled to photograph the contact pattern on the input spiral bevel pinion.
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The gearboxes were reassembled, and the oil drained from each gearbox (main transmission, 42° gearbox, and tailrotor gearbox) and the test stand lube system, and replaced with 5 cst oil per DOD-L-85734. The main transmission oil filter was not replaced at this time.
After reservicing the gearboxes with the 5 cst oil, the 1.0 hour green-run and post green-run inspection were repeated. Before resetting the oil pressure regulator (the setting from the 9 cst oil test was maintained) to the specified green-run requirements, the oil pressure during Step 4 was measured and recorded when the oil inlet temperature was at 200° ± 10° F. The oil was . drained from each gearbox (main transmission, 42° gearbox, and tailrotor gearbox) and the test stand lube system, and replaced with new 5 cst oil per DOD-L-85734. The main transmission oil filter was also replaced at this time.
Cst (DOD-L-85734) Baseline Oil Evaluation Test Procedure
With the oil inlet pressure set at 55 ± 3 psi when the oil inlet temperature was 200° ± 10° F, the main transmission and tailrotor gearboxes were run at the load and speed conditions shown in Table IV for a total run time of 5 hours. 1. For steps 1 thru 4, the speed was set first, then the torque was increased to the required levels. 2. For step 5 the torque was reduced to the required levels, then the speed increased to 7,040 rpm.
Immediately after completion of the 5 hour test, the gearboxes were shut down and a 6 ounce oil sample was collected from each gearbox for analysis. The oil was collected through a clean drain valve to prevent contamination.
The main transmission was partially disassembled to re-photograph the gear tooth contact patterns on one upper planetary pinion, the input spiral bevel pinion and the inner race roller load zone photographed after the 48 hour run. The tailrotor gearbox was partially disassembled to re-photograph the contact pattern on the input spiral bevel pinion.
Test Results
After completing the 48 hour test with the 9 cst oil, the gearboxes were partially disassembled for visual inspection. No contact patterns were readily visible on the gear teeth, and none of the gearbox components exhibited any signs of wear or distress. Each gearbox was reassembled and the 5 hour test with 5 cst DOD-L-85734 oil was conducted using the same 6 load steps used to accumulate the 48 hour run time with the 9 cst oil. After the 5 hour test, the gearboxes were again partially disassembled for inspection. Again, no contact patterns were readily visible on the gear teeth, and none of the gearbox components exhibited any signs of wear or distress.
A comparison of the results of running at each of the test steps with the 9 cst and 5 cst oils is shown in Figures 5 through 7 for selected temperatures of each gearbox. While there are some differences in temperatures for the two oils, the differences are minimal during the maximum torque run (step 4) when the maximum temperatures are generated. The most pronounced differences in temperatures occur when the gearboxes were run at overspeed conditions with minimal torque (step 7) where the 9 cst oil produced higher temperatures as a result of increased viscosity. It should be noted that the test drive system is a relatively low speed system (maximum component speed 6600 rpm) where heat generation may be dominated by frictional losses; whereas a high speed system with maximum component speeds greater than 15,000 rpm would more likely show heat generation to be dominated by viscous losses. During step 3 of the 5 cst oil test, a test stand cooling fan directed at the 42° and 90° gearboxes was inadvertently turned off resulting in the high bulk oil temperatures shown in Figures 6 and 7.
The following observations were also made comparing the test results of the two oils (See Table  V ):
1. No change was required in the oil pressure regulator setting when the 9 cst oil was replaced with the 5 cst oil in the main transmission.
2. The oil pressure drop across the filter assembly shown in Figure 8 was only slightly higher for the 9 cst oil with the most pronounced difference at the overspeed conditions of steps 5 and 6.
3. The difference between the oil-in temperature and the main transmission input triplex bearing (see Figure 4 for location) temperature was slightly higher for the 9 cst oil.
4. There was no significant difference in the oil pump outlet pressure for the two oils.
5. For each of the oils tested, there was no difference in the oil pressure measured at the mast jet. This jet is located furthest from the oil pump.
. Cooling water flow rates and temperatures could not be accurately measured due to the low cooling water flow rate required to maintain the main transmission oil-in temperature at 200 of.
NOTE: These comparisons were made at a stabilized oil-in temperature of200 OF and would be expected to be much different at lower operating temperatures. --- 
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Recommendations
Based on the results of the tests conducted on the M412 HP gearboxes, limited flight tests with 9 cst oil are acceptable. However, the following concerns should be properly addressed prior to any flight tests. The corrective actions noted are not required for flight tests if extreme ambient temperature conditions are avoided.
The increased kinematic viscosity of the 9 cst helicopter transmission oil will present a number , of problems and potential problems to the operation of drive system lubrication systems of helicopters now in service. These problems and potential problems are discussed below.
A. Definite Problems
Data on a prototype 9 cst (Nom, Std Grade) helicopter transmission oil indicates a kinematic viscosity ratio of approximately 1.71 at 212 OF and 3.81 at -25 OF when compared to some oils conforming to DOD-L-85734. Since the specific gravity of the new 9 cst oil is quite similar to that of DOD-L-85734 oil, absolute viscosity ratios should approximate those for kinematic viscosity. If the new 9 cst oil is used, pressure drops through the filters could increase to approximately 170% of the MIL-L-23699 pressure delta (&). As a result, the filters will likely be bypassing oil well into the normal operating temperature range even with relatively clean filter elements.
The bypass valves and impending bypass indicators on later helicopters were sized based on filter performance with MIL-L-23699 oil. Premature bypass indications and very short filter lives (time to rated &) should be anticipated when using the 9 cst oil.
During the tests conducted on the main transmission, no bypass was indicated, and the pressure differences across the oil filter were not very different for the two oils . However, additional evaluation is recommended since the absolute viscosity of the 9 cst oil is approximately 1.8 times that of the 5 cst oil at 200 OF. This viscosity difference should have caused the pressure drop across the oil filter for the 9 cst oil to be 1.8 times that of the 5 cst oil. The measured difference ranged from 0 to 3 psi. Failure to measure a 1.8 times increase in the pressure drop for the 9 cst oil may have been the result of the tolerance in the accuracy of the pressure transducers which can be as high as ± 1.5 psi.
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